Abstract: Effect of root-applied Bensulfuron methyl {3-(4, 6-dimethoxypyrimidin-2-yl)-1-[(2-methoxycarbonylbenzyl) sulfonyl] urea} on growth of five rice cultivars (Oryza sativa L. cv. Milyang 30, Shingwang, Sangpung, Shinseonchalbyeo, and Nihonbare) was investigated under applied concentrations of 10-6, 5x10-6 and 10-5M. Based on effects of the herbicide on growth of the plant parts (the 4th to 6th leaves and roots) which grew largely after its application, the order of sensitivity among tested cultivars to the herbicide is Nihonbare>Sangpung, Shinseonchalbyeo>Shingwag>Milyang 30. Root absorption of the 14C-herbicide and translocation from roots to shoots were investigated at 10-5 and 10-5 M concentrations.
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There was no clear relation between the absorption or the translocation rates and the growth inhibition. Metabolism of root-absorbed 14C-bensulfuron methyl was studied in four of the cultivars, excluding Shinseonchalbyeo. Milyang 30 and Shingwang had lower percentages of the parent compound in roots than Sangpung and Nihonbare; they also had higher percentages of O-demethyl bensu-Introduction Bensulfuron methyl {3-(4, 6-dimethoxypyrimidin-2-yl)-1-[(2-methoxycarbonylbenzyl)sulfonyl] urea}, a sulfonylurea herbicide, selectively controls broadleaf weeds and sedges in paddy rice field. This compound is active at an extremely low dosage of 20-50g ai/ha9).
The mode of action of sulfonylurea herbicides has been studied intensively by Ray7). The reduction in growth by chlorsulfuron, one of the sulfonylurea herbicides, was closely associated with an inhibition of plant cell division. Under conditions where cell division occurred, DNA synthesis was strongly inhibited. Since that finding, the primary site of these compounds has been considered to be an inhibition of acetolactate synthase, a key enzyme for branched-chain amino acid biosynthesis8). Bensulfuron methyl inhibits acetolactate synthase from weeds associated with rice cultivation10), and this inhibition may account for the herbicidal action of the chemical.
The difference in sensitivity among rice cultivars has been reported for simetryn1-3), benthiocarb1), and other herbicides4). In field tests in Thailand and Japan, japonica type rice cultivars were generally more sensitive to bensulfuron methyl than indica type cultivars11). Ohno et al.6) reported that japonica type rice cultivars were often more susceptible than indica type cultivars or hybrids of japonica and indica. Nakayama et al.5) also reported on susceptibility differences to bensulfuron methyl. The mechanism of rice cultivar differential sensitivity to this herbicide, however, has not been investigated.
In this study, we were interested in the selective mode of action of bensulfuron methyl in Korean rice cultivars and japonica rice cultivar {Nihonbare}.
The Korean cultivars used were selected from among many Korean types against bensulfuron methyl. First, we attempted to determine differential sensitivity of the cultivars to root applied bensulfuron methyl in a water culture. Interactions between the herbicide and rice plants were then examined from the aspects of root absorption, and the translocation and metabolism of the herbicide in the plants.
Materials and Methods

Plants
To compare the tolerance of rice (Oryza sativa L.) cultivars to bensulfuron methyl, five cultivars, Milyang 30, Shingwang. Sangpong, Shinseonchalbyeo, and Nihonbare were selected through a preliminary experiment. The former two were hybrids of japonica and indica and the latter three were japonica types.
Rice seeds were germinated in darkness for 2 days at 25c in an incubator. Uniform seedlings were selected and transferred to plastic trays. The plants were grown in Kasugai nutrient solution until the 3rd leaf stage in a growth chanmber at 25C daytime and 20t during the night, at 55-60% relative humidity with 12 hours daylength and light intenstiy of 15klx.
Root application of bensulfuron methyl Roots of intact seedlings at the 3rd leaf stage were soaked in Kasugai nutrient solution containing 10-5, 5x106, or 10-6 M of bensulfuron methyl for 4 days.
The roots were washed with distilled water and then transferred to bensulfuron methyl-free Kasugai nutrient solution and grown another 6 days in a growth chamber. At harvest, plant height, leaf length and dry weight of roots and shoots were measured.
The treatment was replicated 3 times using 3 plants for each replication.
Absorption and translocation of bensulfuron methyl Uniformly 14C-labeled bensulfuron methyl at phenyl ring with a specific activity of 5.6 x105 Bq/mg was used in the study. Roots of intact seedlings were soaked in 0.51 of 10-6 or 10-5 M 14 C-bensulfuron methyl for 3, 6, 24, and 48 hours and thereafter were removed and blotted dry. They were then sectioned into shoots and roots, oven dried at 90C for 24 hours, weighed and combusted in an automatic sample combustion system (Aloka AS C-113); radioactivity was determined by a liquid scintillation spectrophotometer (LSS, Beckman LS-1801). Translocati on rate was calculated by rate of radioactivity in shoots to that in whole plants. The treatment was replicated 3 times using 2 plants each.
Metabolism of bensulfuron methyl Roots of intact seedlings were soaked in 0.81 of 1x10-6 M 14 C-bensulfuron methyl for 6 or 24 hours. Following the absorption period the plants were removed from the solution, roots rinsed with distilled water and the plants sectioned into shoots and roots. Each treatment was duplicated using 30 plants. After determination of their fresh weight, each plant part was separately homogenized and extracted twice with 80% acetone. The radioactivity of the combined extracts and nonextractable residues was determined and then acetone in the extracts was evaporated in vacuo at 35C. Aqueous residue was adjusted to pH 7 with ammonium hydroxide and partitioned with dichloromethane.
Then the aqueous residue was adjusted to pH 3 with phosphoric acid and partitioned again with dichloromethane.
The radioactivities in dichloromethane extracts at pH 7 and pH 3, and water fractions were determined by LSS. Radioactive compounds in dichloromethane at pH 7 and pH 3 were analyzed by thin-layer chromatography (TLC for Sic18 plate). Authentic reference standards of expected plant metabolites were co-chromatographed.
The nonradiolabeled standards were detected under a UV monitor. Radiolabeled compounds in TLC plates were detected by Fuji X-ray film and their bands of radioactivity were counted quantitaively by LSS.
Results
Growth response of rice cultivars to bensulfuron methyl
Effect of root applied bensulfuron methyl to growth of the rice plants was evaluated by lengths of the 4th, 5th and 6th leaves, and the dry weights of roots and shoots (Table  1) . Degrees of growth inhibition were shown as a percent of control. The effect of bensulfuron methyl was investigated on each leaf. At the treatment with the herbicide, the 4th leaf had emerged a little. In the 10-6 M treatment, Milyang 30 had only slight 4th leaf damage, while other cultivars tested sustained 10-15% growth retardation.
In the 5x10-6M treatment, the growth inhibition of Sangpung and Nihonbare was about 25%, greater than the other 3 cultivars. In the 10-5M treatment, the rate of inhibition of Nihonbare was 40%, and damage to other cultivars was nearly the same as in the 5x10-6 M treatment.
In the 5th leaf length, Milyang 30 showed the least inhibition among all cultivars:
19% in the 106M treatment. The 5th leaf of Nihonbare was injured the most with a rate of inhibition of 64% in the 10-6 M treatment.
In 5x 10-6 M, the inhibition degree of Nihonbare was a remarkably large 93%, while, in contrast, Milyang 30 growth was only slightly inhibited by the same treatment; even in the 10-5M treatment, the rate of inhibition of Milyang 30 was 47%. Strong inhibition occurred in Sangpung and Shinseonchalbyeo at treatments of 5x10-6 M and 10-5 M, and the 5th leaf of Nihonbare did not emerge at all with the 10-5 M treatment. Milyang 30 was the only cultivar among the rice plants treated of which the 6th leaf emerged.
For the effect on dry weight of shoots; the only cultivar suffering slight damage by 10-6 M fensulburon methyl was Milyang 30, others had remarkable damage.
In the 5x10-6 M treatment, degrees of inhibition ranged from 31 to 35 in all cultivars.
In the 10-5 M treatment, Milyang 30 and Sangpung were less damaged than the other 3 cultivars.
For the effect on dry weight of roots, inhibition degree of Milyang 30 was again the least of all cultivars in the 10-6M treatment followed by Shingwang.
In the 5x10-6M treatment, rates of growth inhibition of Milyang 30 and Shingwang were about 40% but other cultivars were inhibited about 50%. In the 10-5 M treatment.
Milyang 30 was inhibited the least, to a degree about the same level as in the 5x10-6 M treatment. Shingwang was inhibited more strongly in the 10-5 M treatment than in 5x10-6 M, but its degree of inhibition was still less than other Figure  1 shows Figure 2 shows the translocation rate, which was obtained by dividing the amount of 14C-radioactivity in shoots by the amount in whole plants.
2-1 Absorption
At 10-6M, Nihonbare showed a higher translocation rate than other cultivars after 3 hours. At 6 hours, Milyang 30 showed a lower rate than others. At 24 hours, the translocation rate of Nihonbare was the highest value among all cultivars, and at 48 hours. Nihonbare and Shinseonchalbyeo showed nearly a 40% rate. The translocation rate of Sangpung increased rapidly from 24 hours and its value was over 30%, similar to Shingwang. Milyang 30 showed the lowest translocation rate among the 5 cultivars. With 10-5M, no great difference in translocation rate among the 5 cultivars was observed at 3 hours.
At 6 hours, the rate of Sangpung was higher than other cultivars, but at 24 hours it had decreased and was the lowest among the five. At this time, Shingwang showed the highest rate. At 48 hours, the translocation rate of Sangpung rapidly Degradation of 14C-bensulfuron methyl in rice plants was studied, in an experiment in which 10-6 M of the herbicide was absorbed by roots for either 6 or 24 hours. Figure 3 shows percents of 14 C-compounds which presented in roots and shoots after 6 hours.
More than 90% of 14C-compounds were detected in root parts of all cultivars. The amount of non-degraded parent compound in roots was about 45% in Milyang 30 and Shingwang, while in Sangpung and Nihonbare it was more than 55%. The metabolic product found in the largest amount in roots was sulfonamide; there was no great difference detected among all cultivars, with the percents of 23-27%.
The total amount of O-demethyl bensulfuron methyl, an unidentified compound and metabolites in the water soluble fraction in Milyang 30 and Shingwang were larger than in Sangpung and Nihonbare.
At the 24 hour exposure, percents of 14 Ccompounds detected in shoots were 19%, 26 %, 29% and 29% in Milyang 30, Shingwang, Sangpung and Nihonbare, respectively (Fig. 4) . Percents of parent compound in roots were 29% and 26% in Milyang 30 and Shingwang, respectively, and less than the about 35% in Sangpung and Nihonbare. Percent of sulfonamide was around 19% in each cultivar. Percents of O-demethyl bensulfuron methyl and metabolites in the water soluble fraction in roots were larger in Milyang 30 and Shingwang than in Sangpung and Nihonbare. Percent of non-extracted 14 C-radioactivity was larger in Milyang 30 than in other cultivars. At 24 hours, rate of the parent compound in shoots was less that in roots in all cultivars.
The greatest radioactivity in metabolites was found as sulfonamide, similar to the finding in roots. Percent of sulfonamide in Milyang 30 was larger than in other cultivars.
Percents of O-demethyl bensulfuron methyl and metabolites of the water soluble fraction in Sangpung and Nihonbare 
Discussion
Bensulfuron methyl was applied to roots of rice plants at the 3rd leaf stage. At this time, the 4th leaves were already developed, and the 5th leaves were just prior to emergence.
Differential sensitivity among rice cultivars was investigated in the growth inhibition of the 5th leaf and roots which were directly exposed to the herbicide. The growth and development of the 6th leaf was only in Milyang 30. Considering the effects on growth of the plant parts which grew largely after the application of the hericide. Milyang 30 showed the least degree of inhibition in both shoots and roots (thus a resistant cultivar), while the largest inhibition degree was showed in Nihonbare (a susceptible cultivar).
Considering the sensitivity among cultivars treated in shoots (the 4th, 5th, 6th leaf length and dry weight of shoots) and in roots (dry weight of roots), order of the sensitivity in shoots was Nihonbare)=Sa-ngpung)=Shinseonchalbyeo)=Shingwang)) Milyang 30, and order of the sensitvity in roots was Nihonbare)=Shinseonchalbyeo)= Sangpung)Shingwang)Milyang 30. Putting togeher the results of the growth test, it is concluded that sensitivity to bensulfuron methyl among the rice cultivars is in the order of Nihonbare>Sangpung, Shinseonchalbyeo>Shingwang>>Milyang 30. Nihonbare, the most sensitive cultivar, showed lower absorption value than other cultivars at 6 hour exposure time, while at 48 hours its value was higher than others. Milyang 30 and Shingwang, resistant cultivars, also showed large absorption value. In 105M concetration, the Nihonbare value was lower at 6 hours, while at 48 hours it had a value second only to Shingwang. Milyang 30, the most resistant cultivar, on the other hand, showed the lowest absorption value.
Consequently, there was no distinct relationship between degrees of sensitivity and rates of absorption because the tendencies of absorption in 10-6 M and 10-5 M differed among the treated cultivars.
Milyang 30 showed lower translocation rate than other cultivars and this was correlative with less sensitivity of the shoots. Translocation rates of other cultivars, however, did not correlate with shoot sensitivity.
Milyang 30 and Shingwang had a lower rate of the parent compound in roots than Sangpung and Nihonbare at 6 hour and 24 hour exposure times. In addition, Milyang 30 and Shingwang had a higher rate of O-demethyl bensulfuron methyl and water soluble metabolites than did Sangpung and Nihonbare. These results correlated with the inhibition degree of dry weight of roots. In shoots, Milyang 30 showed a lower rate of the parent compound than the other three rice cultivars at both 6 and 24 hour exposure times. Rate of the parent compound in shoots did not greatly differ among Shingwang, Sangpung and Nihonbare.
On the basis of the growth inhibition in plant parts developing after application of the herbicide, and on the roots which were directly exposed to the herbicide, it is concluded that Milyang 30 followed by Shingwang is the most resistant and Nihonbare the most susceptible among the cultivars tested. In Nihonbare relatively large amounts of the parent compound were detected in both shoots and roots. In Milyang 30, bensulf uron methyl was less translocated from roots to shoots and largely degraded in roots, and these may contribute to its resistance. The low sensitivity of Shingwang may be related to its high degradation ability in roots. In both cases. high production of Odemethylbensulfuron methyl and water soluble compounds were detected.
